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(54) Abstract Trtlo 

Nonreciprocal circuit device 



(57) A nonreciprocal circuit device, ie a circulator or isolator, comprises a ferrite plate 55 with overlying 
central conductors 51-53, which have upturned ends forming ports Pl-3. Platelike capacitors Cl-3 are provided 
which couple with ports P1-3 respectively, the main faces of the capacitors being substantially perpendicular 
to the ferrite plate 55. The capacitors are positioned higher than the vertical midpoint of the ferrite plate, and 
preferably higher than the top face of the ferrite, so that insertion loss is reduced. 

2 



Fig. 1 




CO 

ro 

CO 
CJl 

o 

CO 
00 



At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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NONRECIPROCAL CIRCUIT DEVICE 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a nonreciprocal circuit device, such as an 
isolator or a circulator, used at a high-frequency band, such as a microwave band, and 
also relates to a communications device using the nonreciprocal circuit device. 

2. Description of the Related Art 

Recently, given the growing demand for miniaturized and inexpensive mobile 
communications apparatuses such as mobile telephones, there are similar demands for 
a miniaturized and inexpensive nonreciprocal circuit device. To meet this demand, 
the present assignee disclosed an isolator comprising a vertical capacitor, wherein 
single plate capacitors are used as capacitors for matching, and are provided vertical 
to the mounting surface of the isolator (Japanese Patent Application No. 9-252207, 
i.e. Unexamined Patent Publication No. 1999-97910). 

This isolator comprises a permanent magnet provided on the inner face of a 
top yoke, a bottom yoke attached to the top yoke to form a magnetically closed 
circuit, a resin case provided on the lower face in the bottom yoke, a magnetic 
structure comprising three central conductors provided on a ferrite in the resin case, 
three capacitors for matching, and a termination resistor. Then, single plate capacitors 
comprising electrodes provided on both main faces of a dielectric substrate are used 
as the capacitors for matching in order to reduce costs, and each single plate capacitor 
C is provided vertical to the ferrite 55 to make the size of the isolator smaller, as 
shown in FIG. 6. FIG. 6 is a diagram showing the positional relationship between a 
ferrite and a single plate capacitor. In the isolator mentioned above, the single plate 
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capacitor C is provided at a position such that the bottom edge of the capacitor C is 
disposed lower than half of the thickness of the ferrite 55. 

When the isolator is miniaturized, that is, when its constituent members are 
required to be miniaturized, a problem that the insertion loss increases is caused, and 
consequently it is demanded strongly to achieve both miniaturization and reduction of 
insertion loss. 

When the above isolator is viewed from the side, the electrode face of the 
capacitor overlaps with the side face of the ferrite, whereby the electrodes of the 
capacitor obstruct the high-frequency magnetic field created by the central 
conductors, shortening the path of the magnetic field, and abruptly altering the high- 
frequency magnetic field around the central conductors. As a consequence, the 
magnetic components of the central conductors perpendicular to the DC magnetic 
field required for magnetic coupling are reduced, and insertion loss increases. That is, 
although the isolator described above can be more miniaturized by providing the 
capacitors vertically, it has a disadvantage that insertion loss cannot be reduced. 

Furthermore, in the constitution described above, when the hot end electrode 
of the capacitor is provided to face the ferrite side, the ground terminal of the central 
conductors and the hot end electrode of the capacitor are liable to be short-circuited. 
Consequently, the distance between the capacitor and the central conductors is 
required be increased, or an insulator is required to be disposed between the capacitor 
and the central conductors, as a result, this makes it more difficult to achieve 
miniaturization and low costs. 
SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to provide a nonreciprocal 
circuit device which can be inexpensively miniaturized by vertically providing a 
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plate-like capacitor, and a communications device using the same. 

In order to achieve the above objects, according to a first aspect of the present 
invention a nonreciprocal circuit device comprises a plurality of central conductors 
provided on a plate-like ferrite, to which a permanent magnet applies a DC magnetic 
field, and each of plate-like capacitors connected to ports of the central conductors. 
The ferrite is provided so that both main faces thereof are parallel to the mounting 
surface, and the capacitors are provided such that electrode surfaces of the capacitors 
are substantially perpendicular to the mounting surface and respective bottom face of 
the capacitors are disposed higher than half of the thickness of the ferrite. 

Preferably, the capacitors are disposed higher than the top face of the ferrite. 

In another aspect of the present invention, the capacitors are single plate 
capacitors, comprising electrodes provided on both main faces of a dielectric 
substrate. 

Alternatively, the capacitors are multilayer capacitors, comprising a plurality 
of dielectrics and a plurality of electrodes which are laminated alternately. 

Furthermore, a communications device according to the present invention 
comprises the above nonreciprocal circuit device. 

The present inventors have discovered that, in a nonreciprocal circuit device 
wherein the electrode faces of capacitors are disposed substantially perpendicular to 
the main face of a ferrite on which a plurality of central conductors are provided, the 
insertion loss of the nonreciprocal circuit device can be improved by changing the 
positional relationship between the ferrite and the capacitors. 

That is, as will be explained clearly in the following preferred embodiment, 
the nonreciprocal circuit device can be miniaturized by providing plate-like capacitors 
substantially perpendicular to the ferrite. In addition, when the bottom faces of the 
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capacitors are disposed at a higher position than half of the thickness of the ferrite, it 
is possible to improve a level of insertion loss in practical use. 

Furthermore, the insertion loss can be minimized by disposing the bottom face 
of the capacitors higher than the top main face of the ferrite. 

Moreover, when a capacitor having electrodes on both main faces thereof, 
such as a single plate capacitor, is disposed at a position higher than the top main face 
of the ferrite, since the capacitor is not located on the side face of the ferrite, short- 
circuiting between the ground side of the central conductors and the hot end electrode 
of the capacitor can be prevented. 

Furthermore, a single plate capacitor or a multilayer capacitor can be used for 
the capacitors. A single plate capacitor is easily manufactured, enabling costs to be 
reduced. Furthermore, by using multilayer capacitors, the device can be further 
miniaturized. 

Furthermore, the communications device according to the present invention 
comprises a single plate capacitor having characteristics described above, and 
therefore, it has excellent characteristics, being miniaturized and inexpensive. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded perspective view of an isolator according to a first 
embodiment; 

FIG. 2 is a plan view of the isolator according to the first embodiment; 

FIG. 3 is a diagram showing the positional relationship between a single plate 
capacitor and a ferrite of the isolator according to the first embodiment; 

FIG. 4 is a diagram showing the relationship between the position of the single 
plate capacitor of the isolator according to the present invention and insertion loss; 
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F1G. 5 is a block diagram of a communications device according to a second 
embodiment; and 

FIG. 6 is a diagram showing the positional relationship between a single plate 
capacitor and a ferrite of a conventional isolator. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A constitution of an isolator according to a first preferred embodiment of the 
present invention will be explained with reference to FIGS, i to 3. FIG, 1 is an 
exploded perspective view of the isolator, FIG. 2 is a plan view of the state when the 
permanent magnet and top yoke are removed, and FIG. 3 is a diagram showing the 
positional relationship between a single plate capacitor and the ferrite. FIG. 3 does 
not show the central conductors. 

The isolator of the present invention comprises a permanent magnet 3 
provided on the inner face of a box-like top yoke 2 comprising a magnetic metal; a 
substantially C-shaped bottom yoke 8 comprising the same magnetic metal as the top 
yoke 2 and forming a magnetic closed circuit therewith; a resin case 7 provided on the 
bottom wall 8a of the bottom yoke 8; a magnetic structure 5, single plate capacitors 
CI to C3, and a termination resistor R being provided inside the resin case 7. The 
magnetic structure 5 is adapted to receive a DC magnetic field from the permanent 
magnet 3. 

The isolator is parallelepiped shape in appearance, having plan dimensions of 
5.0 mm X 5.0 mm, and a thickness (height) of 2.0 mm, and is surface-mounted on a 
mounting substrate constituting a transceiver circuit of a mobile communications 
device, such as a mobile telephone. 

The abovementioned magnetic structure 5 is formed by providing three central 
electrodes 5 1 to 53, comprising thin plate-like metal plates and intersecting at angles 
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of 120 degrees, on the top face of a plate-shaped ferrite 55, with an insulating sheet 
(not shown in the figure) provided therebetween, ports PI to P3 of one end of each of 
the central electrodes 51 to 53 protruding outwardly, and a ground terminal 54 
connected commonly to another ends of the central electrodes 51 to 53 abutting upon 
the bottom face of the ferrite 55. 

The upper and lower main faces of the ferrite 55 and the central electrodes 5 1 
to 53 are disposed parallel to the mounting surface, and the ports PI to P3 of the 
central electrodes 51 to 53 are bent upwardly so as to be perpendicular to the 
mounting surface. Tips PI a and P2a of the two ports PI and P2 are parallel to the 
mounting surface. 

The above resin case 7 comprises rectangular frame-like side walls 7a formed 
integrally with a bottom wall 7b, the input/output terminals 71 and 72 and ground 
terminals 73 being partially embedded in the resin, and a square-shaped insertion hole 
7c, provided approximately in the center of the bottom wall 7b. Recessed portions 7d 
for containing the single plate capacitors CI and C2 are provided in the inner faces of 
the left and right side walls 7a, and a recessed portion 7d for containing the single 
plate capacitor C3 and a recessed portion 7e for containing the termination resistor R 
are provided in the inner face of the lower side wall 7a. The recessed portions 7d and 
7e are formed to make openings by removing or cut out the top portions of the side 
walls 7a, to allow the single plate capacitors CI to C3 and the termination resistor R 
to be inserted easily. 

The input/output terminals 71 and 72 are provided so that each one end thereof 
is exposed at the top face of the bottom wall 7b, and the other end is exposed at the 
lower face of the bottom wall 7b and the outer face of the side wall 7a. Furthermore, 
the ground terminals 73 are provided so that each one end thereof is respectively 



exposed at the inner face of the recessed portions 7d in which the single plate 
capacitors CI to C3 are provided, and at the inner face of the recessed portion 7e in 
which the termination resistor R is provided. The each of other end side of the ground 
terminal is provided so as to be exposed at the bottom face of the bottom wall 7b and 
the outer face of the side wall 7a. 

The single plate capacitors CI to C3 function as capacitors for matching, 
comprising capacitor electrodes provided entirely over both main faces of a plate-like 
dielectric substrate so as to face each other on either side of the substrate, and are 
manufactured by providing electrodes on both sides of a large mother substrate, and 
cutting the mother substrate in a lattice shape. 

The single plate capacitors for matching CI to C3 are provided in the recessed 
portions 7d in the side walls 7a of the resin case 7, the termination chip resistor R is 
provided in the recessed portion 7e in the lower side wall 7a, the magnetic structure 5 
is inserted into the insertion hole 7c, and the ground 54 of each central electrode 51 to 
53 on the bottom face of the magnetic structure 5 is connected to the top of the bottom 
wall 8a of the bottom yoke 8. 

The single plate capacitors CI to C3 are provided so that their electrode faces 
are perpendicular to the mounting surface to define an angle of 90 degrees, and their 
bottom faces are disposed higher than the top face of the ferrite 55 (see FIG. 3). The 
bottom faces of the single plate capacitors CI to C3 abut on the bottom of the 
recessed portions 7d mentioned above, thereby positioning capacitors in the vertical 
direction. Furthermore, the ports PI to P3 of the central electrodes 51 to 53 are bent 
upwardly, so that the single plate capacitors CI to C3 can be securely connected at a 
position higher than the top face of the ferrite 55. 
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The cold end side electrodes of the single plate capacitors CI to C3 are 
connected to the ground terminals 73 exposed at the inner faces of the recessed 
portions 7d, and the hot end side electrodes are connected to the ports PI to P3 of the 
central electrodes 51 to 53. 

Furthermore, the tips PI a and P2a of the ports PI and P2 are connected 
respectively to the input/output terminals 71 and 72 exposed on the bottom wall 7b, 
the port P3 is connected to one side electrode of the termination resistor R, and the 
other side electrode of the termination resistor R is connected to the ground terminal 
73, exposed at the inner face of the recessed portion 7e. The termination resistor R is 
also provided vertically at an angle of 90 degrees to the mounting surface. The above 
members are soldered together by reflow soldering. 

As described above, the constitution of the isolator of the present embodiment 
enables the single plate capacitors CI to C3 to be easily and reliably provided vertical 
to the mounting surface and the main face of the ferrite 55, and at a position such that 
their bottom faces are disposed higher than the top face of the ferrite 55. The shape of 
the recessed portions 7d provided in the side walls is not restricted to that described in 
the above embodiment. Furthermore, the single plate capacitors CI to C3 can be 
provided at a desired position in the vertical direction by changing the position of the 
bottom faces of the recessed portions 7d in the vertical (height) direction. 
Furthermore, it is not essential for the angle between the single plate capacitors CI to 
C3 and the mounting surface to be vertical (90 degrees), and it needs only be provided 
at an angle to the mounting surface which is within a range of ± 30 degrees from 90 
degrees, thereby enabling the mount area corresponding to the gradient to be reduced, 
further aiding miniaturization. 
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Next, the operation and effects of the present invention will be explained 
based on test results. FIG. 4 shows changes in the insertion loss of an isolator having 
the constitution described above when the position of the bottom faces of the single 
plate capacitors is changed around a base point (0 mm) at a position on the bottom 
face of the ferrite. Data at an intermediate frequency of approximately 920 MHz was 
obtained using a ferrite 55: 3.0 x 3.0 x 0.5 mm, single plate capacitors CI and C2: 0.9 
x 2.0 x 0.2 mm having a capacitance 9 pF, and a single plate capacitor C3: 0.9 x 3.1 x 
0.2 mm having a capacitance of 14 pF. 

As can be understood from FIG. 4, the insertion loss decreases as the positions 
of the capacitors are raised, and reaches its minimum when the capacitors are at 
approximately the same position as the top face of the ferrite (0.5 mm in FIG. 4). 
Furthermore, when the capacitors are positioned at half the thickness of the ferrite 
(0.25 mm in FIG. 4), the insertion loss is 0.4 dB or less. 

An isolator having the dimensions of the present embodiment can be used 
practically when the insertion loss is 0.4 dB or less. To achieve this, the capacitors 
should preferably be provided at a position higher than half of the thickness of the 
ferrite. 

Furthermore, when the capacitors are provided higher than the top face of the 
ferrite, the insertion loss can be minimized, obtaining even better characteristics. 
Moreover, when the capacitors are provided higher than the top face of the ferrite, the 
single plate capacitors do not need to be positioned at the side faces of the ferrite, and 
consequently there is no short-circuiting between the ground side of the central 
conductors and the hot end side of the single plate capacitors, enabling reliability to 
be improved. 
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In the embodiment described above, single plate capacitors are used as the 
capacitors for matching, but the present invention is not limited to this, and multilayer 
capacitors comprising a plurality of dielectrics and a plurality of capacitor electrodes 
being laminated alternately, and having at least one capacitor electrode being 
provided inside a dielectric substrate, may alternatively be used as the capacitors. 
When multilayer capacitors are used, the capacitor electrode faces for obtaining 
capacitance are provided substantially vertical to the mounting surface, and the 
bottom faces of the multilayer capacitors are positioned higher than half of the 
thickness of the ferrite, or higher than the top face of the ferrite. As a consequence, 
the same effects as those of the single plate capacitors can be achieved. 

Furthermore, although the above embodiment describes an example of an 
isolator, the present invention can also be applied to a circulator in which the port P3 
is not connected to the termination resistor R, but connected a third input/output 
terminal. 

Furthermore, the entire constitution is not restricted to that of the embodiment 
described above, the characteristics of the present invention is that plate-like 
capacitors provided in a nonreciprocal circuit device are substantially vertical to the 
mounting surface, with restrictions on the position of the capacitors, and there are no 
restrictions on other parts of the constitution. 

Next, FIG. 5 shows a communications device according to a second 
embodiment of the present invention. This communications device comprises an 
antenna ANT connected to an antenna terminal of a duplexer DPX, comprising a filter 
for transmitting TX and a filter for receiving RX, an isolator ISO connected between 
the input terminal of the filter for transmitting TX and a transmitter, and a receiver 
connected to the output terminal of the filter for receiving RX. Signals transmitted 



from the transmitter pass via the isolator ISO and the filter for transmitting TX, and 
are emitted from the antenna ANT. Furthermore, signals received by the antenna 
ANT pass through the filter for receiving RX, and are input to the receiver. 

Here, the isolator described in the embodiment above can be applied to the 
communications device as the isolator ISO. By using the nonreciprocal circuit device 
of the present invention, it is possible to obtain a miniaturized and inexpensive 
communications device having excellent characteristics. 

As described above, according to the nonreciprocal circuit device of the 
present invention, plate-like capacitors are provided substantially vertical to a ferrite, 
and in addition, the bottom end faces of the capacitors are positioned higher than a 
position of half of the thickness of the ferrite, and therefore, the nonreciprocal circuit 
device can be miniaturized, and its insertion loss can be reduced. 

Furthermore, when the bottom faces of the capacitors are at a position higher 
than the top main face of the ferrite, the insertion loss can be minimized. 

Moreover, since short-circuiting between the ground side of the central 
conductors and the electrode of the capacitor can be prevented, reliability is improved. 

Furthermore, by using single plate capacitors as the capacitors, costs can be 
reduced. Furthermore, by using multilayer capacitors, further miniaturization can be 
achieved. 

Furthermore, by mounting the nonreciprocal circuit device according to the 
present invention, a miniaturized and inexpensive communications device having 
excellent characteristics can be obtained. 



CLAIMS: 
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1 . A nonreciprocal circuit device comprising: 

a plurality of central conductors provided on a plate-like ferrite, to which a 
permanent magnet applies a DC magnetic field, and plate-like capacitors connected to 
ports of said central conductors; 

said ferrite being provided so that both main faces thereof are substantially 
parallel to a mounting surface, and said capacitors being provided so that electrode 
surfaces of the capacitors are substantially perpendicular to the mounting surface and 
respective bottom face of the capacitors are disposed at a position higher than the 
position of half of the thickness of said ferrite. 

2. The nonreciprocal circuit device according to Claim 1, said capacitors 
being disposed at a position higher than a top face of said ferrite. 

3. The nonreciprocal circuit device according to one of Claims 1 and 2, said 
capacitors comprising single plate capacitors having electrodes provided on both main 
faces of a dielectric substrate. 

4. The nonreciprocal circuit device according to one of Claims 1 and 2, said 
capacitors comprising multilayer capacitors having a plurality of dielectrics and a 
plurality of electrodes which are laminated alternately. 

5. A communications device comprising the nonreciprocal circuit device 
according to one of Claims 1, 2, 3, and 4. 
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6. A nonreciprocal circuit device substantially as hereinbefore described with 
reference to Figures 1 to 5 of the accompanying drawings. 
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